Recently, SEDDS have been formulated using medium chain tri-glyceride oils and non-ionic surfactants, the later being less toxic. (8, 9) . Upon peroral administration, selfemulsifying formulations distribute readily in the GI tract, and the digestive motility of the stomach and the intestines provides sufficient agitation enough for the spontaneous formation of emulsions. In the case of sparingly soluble drugs that exhibit dissolution rate limited absorption, the SEDDs offers a way to improve the rate and extent of oral absorption and to produce more reproducible blood time profiles (10) . Rosuvastatin is a cholesterol-lowering agent widely used to treat hypercholesterolemia. Rosuvastatin is a crystalline powder with a melting point of 151-156 ºC, is sparingly soluble in water and poorly absorbed from the gastro-intestinal tract. After oral administration alone, Rosuvastatin is rapidly absorbed maximum plasma concentrations in less than 3 hours, extent of absorption increases in proportion to Rosuvastatin dose. The absolute bioavailability of Rosuvastatin (parent drug) is approximately 20% and the systemic availability of HMGCoA reductase inhibitory activity is approximately 30%. Oral bioavailability is the biggest problem of Rosuvastatin calcium as it is slightly water soluble. Based on these considerations, the objectives of the present work was to develop rosuvastatin loaded self emulsifying drug delivery system for the effective management of hypolipidemia (RSEDDS) to enhance the solubility and improving bioavailability of SEDDS of Rosuvastatin and to administer them through oral route resulting in increasing their clinical efficacy.
Preparation of Self emulsifying drug delivery system
This involved mixing of different oils, surfactant, co-First weighed amount of rosuvastatin was dissolved in ethanol (AR Grade) by continuous stirring in a beaker until surfactant and co-solvent as shown in table (1) . it totally dissolved. Then oleic acid (AR Grade) was added slowly with continuous stirring into drug-ethanol mixture. In another beaker appropriate amount of PEG-400 (AR Grade) was added to Tween-80 (AR Grade) and mixed properly by continuous stirring with a glass rod. After continuous stirring the mixture of Tween-80 and PEG-400 were added to the drug-ethanol mixture by magnetic stirring at 100 rpm for 30 minute. The formulation of SEDDS was stored in well closed container for its further characterization (11) . Selection criteria for preparation of (F5) formulation: The selection of formulation F5 was done on the basis of self emulsification assessment, when compared to other formulations.
Characterization of formulation (F5)
The opted formulation was selected and characterized for various parameters like optical microscopy, Assessment of self emulsification, Emulsification time, Droplet size analysis, Zeta Potential Measurement, Transmission Electron Microscopy, Viscosity Determination, Drug content, Percentage transmittance, in vitro dissolution study and stability study. 1. Optical microscopy The opted formulation (F5) of SEDDS observed under optical microscope (Labmed) (Fig 1(. 
Materials and methods

Materials
Rosuvastatin (AR Grade) was kindly provided as a gift sample by Medley Lab, Jammu, India. Other chemicals used were of AR grade and of M/s CDH Limited, New Delhi, India. Grade A: Rapidly forming emulsion having a clear or bluish appearance. Grade B: Rapidly forming, slightly less clear emulsion, having a bluish white appearance. Grade C: Fine milky emulsion that formed within 2 minutes. Grade D: Dull, grayish white emulsion having slightly oily appearance that is slow to emulsify longer than 2 minutes. Grade E: Formulation, exhibiting either poor or minimal emulsification with large oil globules present on the surface. gives an indication of the potential stability of the colloidal system. If all the particles have a large negative or positive zeta potential they will repel each other and there is dispersion stability. The zeta potential of the diluted SEDDS formulation was measured using a (Malvern Zetasizer 3000 HS). The SEDDS were diluted with a ratio of 1:20 v/v with distilled water and mixed for 1 min using a magnetic stirrer and recorded the result (Table 3 ) (Figure 2 ) (16, 17, 18).
5. Transmission electron microscopy SEDDS formulation F5 was diluted with distilled water 1:30 and mixed by gentle shaking using a (Hitachi H-7500, 120kV). Copper grids are allowed to stand on for 60 seconds on which one drop of sample obtained after dilution was deposited. Filter paper is used to remove excess fluid and then the grid was stained in 1% phosphotungstic acid solution for 30 seconds. (Figure 3 ) (19).
6. Viscosity determination Viscosity study is necessary for SEDDS to characterize the system physically and to control its stability. The viscosity of the Rosuvastatin SEDDS is crucial in determining its ability to be filled in hard or soft gelatin capsules. If the system has very low viscosity, it may enhance the Table 3 Assessment of self emulsification, emulsification time, droplet size and zeta potential probability of leakage from the capsule and the system with very high viscosity may create problem in pour ability. SEDDS formulation (F5) of rosuvastatin (1 mL) was diluted with the distilled water in a beaker with constant stirring on magnetic stirrer. Viscosity of the resultant emulsion and initial SEDDS was measured using Brookfield viscometer (DV-III ultra Brookfield) using spindle RV-6 at 100rpm at 25 ± 0.5 °C. The data of viscosity of SEDDS formulation F5 was recorded (Table 4) (20, 21(.
Drug content
The drug content of rosuvastatin SEDDS formulation (F5) was measured using UV spectroscopic method. The drug content uniformity was determined by preparing 10 μg/ml of aliquot of SEDDS sample using methanol as solvent. The samples were suitably diluted and the absorbance of the solutions was measured at 240 nm using UV-Visible spectrophotometer (EI double beam spectrophotometer 1372 UV-Spectrophotometer) against methanol as a blank. The amount of Rosuvastatin was estimated by using standard calibration curve of the drug. The data of percent drug content in SEDDS formulation (F5) was recorded in the table (Table 4 ) (22). 8. Percentage transmittance Percent transmittance proved the transparency of formulation. The percent transmittance of the system is measured at particular wavelength using UV spectrophotometer (EI double beam UV-VIS spectrophotometer UV/Visible model 1372) by using distilled water as blank (20) . A total of 1 mL SEDDS formulation was diluted 100 times with distilled water. Percentage of transmittance was measured spectrophotometrically (EI double beam spectrophotometer 1372 UV Spectrophotometer) at 560 nm using water as a blank (Table 4 (. 9. Invitro dissolution study The quantitative in-vitro drug release from formulation was studied to assess if self emulsifying properties remain consistent. The USP XXII, dissolution apparatus (Electrolab TDT-06l) used to study the release of the drug from the oil in the aqueous system. Hard gelatin capsule containing SEDDS was tied to paddle to prevent the capsule from floating, 900 ml dissolution media (standard phosphate buffer solution pH 7.4) were used (18) . To compare different SEDDS, dissolution studies were done at 37 ± 0.5 ºC, using paddle rotating at 75 rpm, 1ml sample was withdrawn at 30, 60, 90, 120, 150, 180 minutes. The sample volume of fresh media replaces the withdrawn sample. Sample was filter through whatmann filter paper and analyzed spectrophotometrically (EI double beam UV-VIS spectrophotometer UV/Visible model 1372) at 240 nm. The drug release from the SEDDS formulation was found to be significantly higher as compared with that of pure drug and marketed preparation (Crestor® 10 mg) (Figure 4) .
Stability studies
The optimized formulation (F5) selected for stability testing under storage condition at 4 ± 1 °C, 25 ± 2 °C (room temperature) and 40 ± 1 °C (Thermostatic oven). Formulation (F5) was stored in screw capped, amber colored small glass bottles at 4 ± 1 °C, room temperature (25 ± 2 °C) and 40 ± 1°C. Analysis of the sample was made for % drug content after a period of 15, 30, 45 and 60 days. Subsequent change in % Drug content of the formulations stored at 4 ± 1 °C, at room temperature 25 ± 2 °C and at 40 ± 1 °C (Thermostatic oven) was determined after a definite period of time of 15, 30, 45, and 60 days ( 
Results
The selection of formulation F5 was done on the basis of self emulsification assessment, when compared to other formulations; the F5 formulation formed a rapidly forming emulsion having a clear or bluish appearance that was the formulation of Grade-A category. In the above formulation design the F5 formulation was finalized for the further studies for characterization under various parameters. (Table 2 and 3) The self emulsification assessment of SEDDS showed that the preparation was of Grade A that is a rapidly forming emulsion having a clear or bluish appearance. It was observed that an increase in the proportion of oil in the formulation resulted in decreasing self-emulsification time.
The opted formulation (F5) of SEDDS observed under optical microscope (Labmed) and it was found that the developed formulation contained the droplets in emulsion ( Figure 1 ). The emulsification time of SEDDS was 19 ± 5.51 seconds which resulted in good tendency for emulsification. (Table 3) The droplet size of SEDDS (F5) formulation was found to be 125.89 nm which explained that the smaller droplet size presents large surface area for drug absorption. (Table 3) and the zeta potential value of SEDDS (F5) was found to be -25.7 mV negative charge indicates that the emulsion particles were stable (Table 3 ) (Figure 2 ). The TEM photograph shows the surface morphology of the SEDDS (F5) as seen in (Figure 3 ) the nanosized droplets as discreet particles can be seen in the TEM analysis is evidence to show that the adsorption onto solid carrier was good as no oil droplets are visible. Viscosity of SEDDS (F5) was found to be 12.2 ± 0.2 (cP). Thus it showed o/w emulsion where water remains as external phase and viscosity of SEDDS is near to water which indicated that Rosuvastatin emulsion on dilution with the fluid its viscosity getting decreased and thereby absorption will be faster ( Table 4) . The percentage drug content was found to be 97.65 ± 1.37 which is maximum and thus resulted in maximum drug release ( Table 4) . The result of percentage transmittance was shown 97.45 ± 1.78 (Table 4 ). This result indicated the high clarity of SEDDS. The greater the particle size, oil globules may reduce the transparency of micro emulsion and thereby values of percentage transmittance. The formulation of SEDDS (F5) showed greater extent of drug release that is in 180 mins the drug release was 83% when compared to pure drug (32%) and marketed formulation (61%). The results suggested the potential use of SEDDS for oral administration of Rosuvastatin ( Figure  4 ). Accelerated stability studies only serve as tool for formulation screening and stability issues related to shipping or storage at room temperature. The results of the stability samples withdrawn at the end of 15 days, 30 days, 45 days and 60 days are shown in (Table 5 ) at various temperature ranges. All the samples withdrawn at different time intervals formed clear dispersion and none of the formulation showed any drug precipitation and thus the formulation was considered to be stable. A progressive decrease in the emulsion % drug content has been observed in the samples withdrawn at different time intervals which may be due to aggregation of globules. Rosuvastatin loaded SEDDS (F5) was subjected to stability studies. The formulation was stored at 4 ± 1 °C, at 25 ± 2 °C (Room temperature) and at 40 ± 1 °C (Thermostatic oven). From the results, it was found that % drug content had shown that formulation was more stable at 25 ± 2 °C rather than 4 ± 1 °C and 40 ± 1 °C (Thermostatic oven) storage conditions. So it can be said that the formulation is more stable at 25 ± 2 °C for further use (Table 5) .
Discussion
SEDDSs are isotropic mixtures of oils and surfactants, sometimes it contains co-solvents and it can be used for the design of formulations in order to improve the oral absorption of highly lipophillic compounds. Rosuvastatin is a hydrophobic and highly permeable drug which belongs to class II of biopharmaceutical classification system (BCS). Low aqueous solubility of Rosuvastatin leads to high variability in absorption after oral administration. The present study was carried out for the formulation development of Rosuvastatin loaded selfemulsifying drug delivery system (SEDDS) with the aim to enhance its solubility as well as oral bioavailability. The opted formulation (F5) of SEDDS observed under optical microscope (Labmed) and it was found that the developed formulation contained the droplets in emulsion (Figure 1 ). The self emulsification assessment of SEDDS showed that the preparation was of Grade A that is a rapidly forming emulsion having a clear or bluish appearance (Table 2 and 3). It was observed that an increase in the proportion of oil in the formulation resulted in decreasing self-emulsification time.
The RSEDDS should disperse completely and quickly when subjected to aqueous dilution under mild agitation. The emulsification time study showed that the optimized formulation employed could emulsify within 19 ± 5.51 seconds, which suggests rapidity of the formulation. The emulsification time of SEDDS was which resulted in good tendency for emulsification ( Table 3 (. The droplet size of the emulsion is a crucial factor in self-emulsification performance because it determines the rate and extent of drug release as well as absorption. The droplet size of SEDDS (F5) formulation was found to be 125.89 nm which explained that the smaller droplet size presents large surface area for drug absorption (Table 3 ). In general, a zeta potential value of ± 30 mV is sufficient for stability. The optimized formulation posses a zeta potential of -25.7 ± 0.42, which means that it does not comply with requirement of stability. But, it has been found in some of the research articles that a zeta value in between -20 mV and -11 mV leads to threshold agglomeration. Hence, the optimized formulation of RSEDDS with a zeta potential -25.7 mV would not exhibit threshold agglomeration. Such kind of instability will only be observed on long-term storage (Table 3 ) (Figure 2 ). The TEM photograph showed spherical surface morphology of SEDDS (F5) which resulted in higher drug loading ( Figure 3) . Viscosity of SEDDS (F5) was found to be 12.2 ± 0.2 cP, thus it showed o/w emulsion where water remains as external phase and viscosity of SEDDS is near to water which indicated that Rosuvastatin emulsion on dilution with the fluid its viscosity getting decreased and thereby absorption will be faster ( Table 4 ). The amount of the drug content in the optimized formulation F5 is 97.65 ± 1.37 of the added amount indicating the suitability of the system for high entrapment in the internal phase. The high value of percentage transmittance 97.45 ± 1.78 (96.21%) indicates that the system is optically clear which a prerequisite for emulsions ( Table 4 ). The greater the particle size, oil globules may reduce the transparency of micro emulsion and thereby values of percentage transmittance. The formulation of RSEDDS (F5) showed greater extent of drug release that is in 180 mins the drug released was 83% when compared to pure drug (32%) and marketed formulation (61%). The results suggested the potential use of SEDDS for oral administration of Rosuvastatin ( Figure  4 ). Rosuvastatin loaded SEDDS (F5) was subjected to stability studies. The formulation was stored at 4 ± 1 °C, at 25 ± 2 °C (room temperature) and at 40 ± 1 °C (thermostatic oven). The formulation was physically stable as evidenced by the visual observation, and the absence of signs of instability such as phase separation, flocculation or precipitation. From the results, it was found that % drug content had shown that formulation was more stable at 25 ± 2 °C rather than 4 ± 1 °C and 40 ± 1 °C (thermostatic oven) storage conditions (Table 5) .
Conclusion
In conclusion, the proposed system liquid SEDDS showed incredible potential and good self emulsification efficiency, having globule size in nanometer range which is physiologically stable with improved solubility and bioavailability of otherwise poorly soluble BCS class II drug rosuvastatin. In summary, our findings indicated that the developed formulation was found to show a significant improvement in terms of the drug release with above 83% release of drug within 180 mins. Thus, achieved the main objective of study to achieve a better dissolution rate which would further help in enhancing oral bioavailability. The SEDDS may be used as a vital tool in reducing the dose size and improving oral bioavailability of poorly water soluble drugs.
Future Prospects
An optimized Rosuvastatin loaded formulation consisting of oleic acid, tween 80 and PEG 400 offers the advantage of good solubilisation of Rosuvastatin. The major limitation of lipophillic drugs regarding its solubility in GIT could be overcome by delivering these drugs through selfemulsifying systems. Thus, this novel delivery system has made easy the delivery of lipophillic drugs orally which increases its bioavailability due to its small particle droplets. The studies confirmed that SEDDS can be used as a possible alternative to conventional oral formulation of BCS class II drugs (poorly water soluble drugs) and can be explored as a potential drug carrier for dissolution enhancement of Rosuvastatin and other insoluble drugs.
